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Abstract
Background: QuantiFERON®TB Gold (QFT) is a promising blood test for tuberculosis infection
but with few data so far from immigrant screening. The aim of this study was to compare results
of QFT and tuberculin skin test (TST) among newly arrived asylum seekers in Norway and to assess
the role of QFT in routine diagnostic screening for latent tuberculosis infection.
Methods: The 1000 asylum seekers (age ≥ 18 years) enrolled in the study were voluntarily
recruited from 2813 consecutive asylum seekers arriving at the national reception centre from
September 2005 to June 2006. Participation included a QFT test and a questionnaire in addition to
the mandatory TST and chest X-ray.
Results: Among 912 asylum seekers with valid test results, 29% (264) had a positive QFT test
whereas 50% (460) tested positive with TST (indurations ≥ 6 mm), indicating a high proportion of
latent infection within this group. Among the TST positive participants 50% were QFT negative,
whereas 7% of the TST negative participants were QFT positive. There was a significant association
between increase in size of TST result and the likelihood of being QFT positive. Agreement
between the tests was 71–79% depending on the chosen TST cut-off and it was higher for non-
vaccinated individuals.
Conclusion: By using QFT in routine screening, further follow-up could be avoided in 43% of the
asylum seekers who would have been referred if based only on a positive TST (≥ 6 mm). The
proportion of individuals referred will be the same whether QFT replaces TST or is used as a
supplement to confirm a positive TST, but the number tested will vary greatly. All three screening
approaches would identify the same proportion (88–89%) of asylum seekers with a positive QFT
and/or a TST ≥ 15 mm, but different groups will be missed.
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The incidence of tuberculosis in Norway is generally low
(6.3/100 000 population in 2006), but high among
immigrants from countries where tuberculosis is endemic
[1]. Most cases of tuberculosis are due to imported new
strains rather than transmission within Norway [2,3].
WHO have estimated the global prevalence of latent
tuberculosis infection in 1997 to be 35% for Africa, 44%
for Southeast Asia and 15% for Europe [4]. The enormous
pool of persons with latent tuberculosis challenges con-
trol of tuberculosis in low endemic countries. National
guidelines for prevention and control of tuberculosis
therefore recommend targeted tuberculin testing and
treatment of latent infection [5]. The recommendations
have been challenged by the lack of an accurate diagnostic
tool. There are well known limitations of the use of tuber-
culin skin test (TST). In vitro assays based on cellular pro-
duction of interferon-gamma (IFN-γ) in response to the
M. tuberculosis specific antigens ESAT-6 and CFP10 have
recently been developed. These protein antigens are
present in all species of the M. tuberculosis-complex
(including M. bovis), but absent in all vaccine strains of M.
bovis-BCG (Bacillus Calmette-Guérin) and most non-
tuberculosis mycobacteria, except M. marinum, M. zulgai,
and M. kansasii. These tests can therefore diagnose infec-
tion with M. tuberculosis with a higher specificity [6,7].
One of the IFN-γ release assays, QuantiFERON®TB Gold
(QFT), offers logistic advantages and may be suitable for
routine screening. The assay has been tested in numerous
contact investigations, among patients with tuberculosis
disease and exposed health care workers, but data are lim-
ited for immigrant screening [7-12]. Among 100 immi-
grants from high prevalence countries attending an
outpatient clinic in Italy, 44% and 15% were positive with
TST (≥10 mm) and QFT, respectively [13]. Vast health care
resources are spent on screening for tuberculosis. The
improved specificity of the IFN-γ release assays is impor-
tant in this context, both on individual and public health
level. The aim of the present study was therefore to com-
pare QFT and TST among newly arrived asylum seekers in
Norway and to assess the possible role of QFT in routine
diagnostic screening for tuberculosis infection in this tar-
get group.
Methods
Asylum seekers undergo mandatory screening for tubercu-
losis upon arrival in Norway, with TST and for persons
over 15 years also chest X-ray [14]. The coverage of screen-
ing of asylum seekers is high, as approximately 95% of all
asylum seekers arriving in Norway are housed in one cen-
tral reception centre, Tanum, the first days after arrival.
Legal issues, immediate medical needs and screening for
tuberculosis are taken care of before the asylum seekers
are transferred to more long term facilities elsewhere in
Norway. All asylum seekers, 18 years or older, arriving at
Tanum reception centre were invited to participate in the
study and enrolment was continued until 1000 were
included after informed consent. The study period lasted
from September 2005 to June 2006. Consenting partici-
pants had a QFT test, a questionnaire regarding demo-
graphics, previous BCG-vaccination, previous history or
known exposure to tuberculosis, in addition to manda-
tory TST. Observed presence of a scar was considered evi-
dence of BCG-vaccination, and known contact with an
infectious case of tuberculosis was reported as exposure.
The blood sample for QFT was drawn at the time the TST
was read. Data were available for all asylum seekers only
on country of origin and sex. In order to assess the repre-
sentativity of the study group additional data on age and
TST results were collected from the mandatory screening
of a consecutive sample of 250 persons who did not agree
to participate in the study: 125 persons at study start and
125 persons half way through the study. Normal proce-
dures in accordance with national guidelines were fol-
lowed, regardless of participation in the study. The
Regional Ethics Committee for Medical research recom-
mended the study (S-05122) and the Norwegian Data
Inspectorate gave permission (23145).
TST was performed according to the Mantoux method
with Purified Protein Derivate (PPD): RT 23, 2 TU from
SSI, Copenhagen, Denmark. Four experienced nurses
applied and read the test. A test was considered positive if
the induration was ≥ 6 mm after 72 hours. Reading was
double if the indurations were large, showed adverse reac-
tions or were hard to read.
QuantiFERON®TB Gold in-tube-test (Cellestis Ltd, Carne-
gie, Victoria, Australia) was used. One ml of venous blood
was drawn into one tube pre-coated with synthetic pep-
tide antigens and one tube without antigens (negative
control sample) and transported the same day to the Nor-
wegian Institute of Public Health for analysis. Samples
were incubated, processed and stored in accordance with
the manufacturer's instructions before harvested plasma
was subjected to Enzyme-Linked Immunosorbent Assay
(ELISA) analysis, including IFN-γ standard for quantifica-
tion. The quality of all laboratory analysis and calculation
of the results was controlled by using the accompanying
QFT analysis software. A sample was considered positive
if exceeding the standard cut-off value at 0.35 IU IFN-γ/
ml. All positive results were confirmed by re-analysis of
the same plasma sample before reported as positive. If it
was not possible to reproduce a positive result, the QFT
result was reported as non-conclusive and the participant
excluded from the study.
Data were entered into Excel locally and later validated at
the Norwegian Institute of Public Health. Kappa-statistics,
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lated in Confidence Interval Analysis Software (CIA –
Trevor N Bryant, 2000) [15]. The other statistical analyses
were performed in STATA 9.2 (Statacorp, Texas, 77845,
USA). Four different uni- and multivariate unconditional
logistic regression analyses were performed in order to
identify predictors for positive QFT and TST results. The
outcome variables were QFT result and TST result ≥ 6 mm,
≥ 10 mm and ≥ 15 mm. Age (in 4 groups using 10 year
periods), sex, origin (Europe, Asia, Africa), BCG-vaccina-
tion (scar/no scar), previous history of tuberculosis (yes/
no) and known exposure (yes/no) were included as inde-
pendent variables in a preliminary multivariable regres-
sion analysis. The independent categorical variables were
expressed as dummy variables. The Spearman correlation
coefficient was used to check the correlation between all
pairs of independent variables. We subtracted one varia-
ble at a time using the likelihood ratio test as elimination
criterion (p < 0.05). The same approach was used to test
the significance of the two-way interaction terms between
the independent variables in the final model. The odds
ratios calculated from the estimated coefficients in the
final models were used to measure the strength of associ-
ation.
Results
Enrolment and characteristics of the study group
A total of 2963 asylum seekers, 18 years and older, arrived
in Norway during the study period and 2813 (95%) of
them entered Tanum reception centre. Of the 1000 partic-
ipants enrolled, 88 (8.8%) were later excluded due to:
withdrawal (1), missing TST-results (5), no QFT result due
to technical routine error during blood sampling or anal-
yses (47), non-reproducible positive result on the first
plasma sample (34) and in one case the first analysis
showed too high background value in the negative control
sample, while the second analysis was positive. There was
not enough plasma for a new analysis and this case (1)
was excluded due to lack of confirmation of the positive
result. Only the exclusion of the latter 35 cases is attribut-
able to the performance of the QFT assay, and many of
these cases had results clustered at or very near the IFN-γ
cut-off value (0.35 U/ml). Their TST indurations were in
the range of 0–22 mm (median 7 mm). This left 912 par-
ticipants with valid QFT- and TST results. The study group
included significantly more men and fewer persons from
Europe compared to all arriving asylum seekers (Table 1).
By comparing 250 non-participants with the study group,
we found no significant differences in size of the TST,
presence of BCG scar or age distribution (data not
shown). Median age in the study group was 29 years
(range 18–67) and the participants arrived from 60 differ-
ent countries. Main countries of origin were Iraq (168),
Somalia (155), Russia (61), Iran (63), Eritrea (59) and
Afghanistan (47), representing 61% of the study group.
Russian and Serbian origin dominated among the Euro-
pean participants. Among those with African origin, 342
(92%) came from Sub-Saharan Africa. Scar from previous
BCG-vaccination was observed in 658 (72%) participants,
more frequently among Europeans (87%) and less fre-
quently among Africans (65%).
TST and QFT results
A total of 460 (50%) participants tested positive with TST
(≥ 6 mm) while 264 (29%) tested positive with QFT.
Among the TST positive participants 50% were QFT nega-
tive, whereas 7% of the TST negative participants (< 6
mm) tested positive with QFT. Positive TST and QFT tests
were most common among African participants (63% and
43%). European participants more often tested positive
on TST (52%) than Asian participants (39%), while QFT-
results were similar among European and Asian partici-
pants, 19% vs 20% respectively. Positive QFT-results were
seen with all sizes of TST indurations, but the proportion
Table 1: Characteristics of total number of asylum seekers and those participating in the study
Total arrivals at Tanum Study group
No. % 95% CI No. % 95% CI
Total 2813 912
Sex
Male 1983 70.5 68.8 – 72.2 685 75.1 72.2 – 77.8
Female 830 29.5 27.8 – 31.2 227 24.9 22.2 – 27.8
Origin
Europe 473 16.8 15.5 – 18.2 115 12.6 10.6 – 14.9
Asia* 1304 46.3 44.5 – 48.2 418 45.8 42.6 – 49.1
Africa 1021 36.3 34.5 – 38.1 371 40.7 37.5 – 44.0
America 7 0.2 0.1 – 0.5 4 0.4 0.2 – 1.1
Unknown 8 0.3 0.1 – 0.6 4 0.4 0.2 – 1.1
*Includes Turkey (no = 15 of study group)
Characteristics of asylum seekers 18 years or older who arrived at Tanum reception centre during the study period September. 19. 2005 to June 
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Distribution of QFT-results by size of TST indurationFigure 1
Distribution of QFT-results by size of TST induration. Distribution of QFT results by size of TST-induration in absolute 
numbers (fig 1a) and as percentage of positive QFT tests for each millimetre tuberculin skin test induration with 95% CI (fig 
1b), among 912 newly arrived asylum seekers in Norway Sept. 19. 2005 – June12.2006.
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BMC Infectious Diseases 2008, 8:65 http://www.biomedcentral.com/1471-2334/8/65of positive QFT tests increased with increasing induration
size (Figure 1a and 1b). Among the 1000 asylum seekers
initially enrolled in the study, five were diagnosed with
culture-confirmed tuberculosis. Out of these, two were
among participants later excluded from the study; one
(TST 15 mm) did not have a QFT-result and one (TST 17
mm) only had a single positive QFT, without a confirma-
tory test done. Among the remaining three, one patient
(TST 9 mm) had a negative QFT result and two were QFT
positive (10 and 18 mm TST). All five reported exposure
to and symptoms of tuberculosis and had chest x-rays
indicative of tuberculosis.
Agreement between QFT and TST
Overall kappa-values for agreement between QFT and TST
were fair to moderate depending on the chosen cut-off
values for TST, and they were highest with TST cut-off ≥ 10
mm (Table 2). The agreement (TST ≥ 10 mm) was higher
among participants with no scar from BCG: Kappa 0.66
(95% CI 0.56 – 0.77) compared to vaccinated partici-
pants: Kappa 0.45 (95% CI 0.37 – 0.52). The agreement
was lower for European participants: Kappa 0.32 (95% CI
0.18 – 0.52) than for African: Kappa 0.45 (95%CI 0.36 –
0.54) and Asian: Kappa 0.58 (95% CI 0.48 – 0.67) partic-
ipants.
Predictors of positive tests
Predictors of a positive QFT-result in multivariate regres-
sion analysis were age, origin and exposure. With TST ≥ 15
mm as outcome variable gender, age, and origin were pre-
dictors (Table 3a and 3b). Adjusting TST cut-off to ≥ 10
mm did not change the predictors, while only age and ori-
gin were significant with 6 mm cut-off. Presence of BCG-
scar was not a significant predictor for either test, regard-
less of TST cut-off value. As persons reporting previous
history of tuberculosis also reported known exposure
these variables were strongly correlated (Spearman's rho
0.657, p < 0.001) and did not fit into the same model.
Implications for screening
If QFT is implemented in routine screening the number in
need of referral could be reduced by 43% compared with
referral based only on a positive TST ≥ 6 mm (50% TST
positives compared to 29% QFT positives) (Table 4). The
proportion referred is less affected by whether QFT is
implemented as a replacement of or as a supplement to
TST. Different approaches would identify the same per-
centage (88–89%) with a positive QFT and/or a TST ≥ 15
mm, but the number of tests required will vary. Changing
the TST cut-off value to 10 or 15 mm in a two-step
approach will reduce the number tested with QFT at the
cost of number identified with latent infection.
Discussion
The performance of new and specific blood tests for
detecting latent infection has now been studied in several
contexts, including contact tracing and screening of
defined risk groups like immigrants and immunocompro-
mised persons [7-12]. We have in this work recruited a
large number of asylum seekers to compare the perform-
ance of TST and QFT and used the results to evaluate the
role of QFT in screening immigrants for latent infection
when arriving in a low-incidence country. Although only
36% of the eligible asylum seekers agreed to participate,
they seemed to be fairly representative of all asylum seek-
ers arriving, even though their countries of origin are
changing over time. Fewer female asylum seekers partici-
pated, probably because of more stigma and poorer lan-
guage skills. The 35 cases without a positive confirmatory
test were excluded. Including them would potentially
overestimate or underestimate the number of QFT posi-
tives respectively as their results were uncertain. They rep-
resented only approximately 3% of the total number of
tests, and in a normal screening setting a new sample
would have been collected for re-analysis, which was not
feasible in our study. We have assessed the effect of
excluding the cases and found no main impact on predic-
tors of positive QFT or on the different screening
approaches. The prevalence of latent infection among the
asylum seekers was high, both defined by TST (50%) and
Table 2: Agreement between TST and QuantiFERON®TB Gold for different cut-off values of TST
TST QFT TST cut-off ≥ 6 mm TST cut-off ≥ 10 mm TST cut-off ≥ 15 mm
No. (%) No. (%) No. (%)
Positive Positive 232 (25) 190 (21) 104 (11)
Negative Negative 420 (46) 527 (58) 611 (67)
Positive Negative 228 (25) 121 (13) 37 (4)
Negative Positive 32 (4) 74 (8) 160 (18)
Total agreement 652 (72) 717 (79) 715 (78)
Kappa (95% CI) 0.43 (0.37 – 0.49) 0.51 (0.45 – 0.57) 0.39 (0.32 – 0.47)
Agreement between tuberculin skin test and QuantiFERON®TB Gold among 912 newly arrived asylum seekers in Norway Sept. 19. 2005 – June 12. 
2006 by different cut-off values of tuberculin skin test indurations.Page 5 of 10
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arriving from high prevalence countries. Our findings are
similar with WHO estimates based partly on TST studies
[4]. Most asylum seekers from Asia came from relatively
low prevalence countries, while many Africans came from
Somalia where the prevalence is probably very high. Stud-
ies involving IFN-γ release assays in high-prevalence set-
tings are few and results vary. One study suggests 80%
prevalence of latent infection in urban India, while
another reports 56% prevalence among healthy adults in
South Africa [16,17].
Agreement between QFT and TST
Consistent with other studies, we found a moderate agree-
ment between the results of QFT and TST, although differ-
ences in design and populations make comparison
between such studies difficult [7,9,11,18,19]. Impor-
tantly, we observed that the proportion of individuals
Table 3: Predictors of (a) positive QuantiFERON®TB Gold results (b) tuberculin skin test reaction >15 mm
A. Predictors of positive QFT Univariate Multivariate
Variable Characteristic Total No. No. QFT+ OR (95%CI) p-value a OR (95%CI) p-value
BCG – scar no scar 246 68 1 0.53
scar 658 196 1.1 (0.8–1.5)
Sex male 685 202 1 0.53
female 227 62 0.9 (0.6–1.3)
Age group 18–29 years 471 129 1 < 0.001 1 < 0.001
30–39 years 291 75 0.9 (0.7–1.3) 1.1 (0.8–1.5)
40–49 years 115 40 1.4 (0.9–2.2) 1.8 (1.1–2.9)
50+ years 35 20 3.5 (1.8–7.1) 4.6 (2.2–9.5)
Origin Asia 418 82 1 < 0.001 1 < 0.001
Europe 115 22 1.0 (0.6–1.6) 1.0 (0.6–1.7)
Africa 371 159 3.1 (2.2–4.2) 3.3 (2.4–4.6)
Exposure no 898 255 1 0.01 1 0.02
yes 14 9 4.5 (1.5–13.7) 4.0 (1.3 – 12.9)
Previous diagnosis of tuberculosis no 904 259 1 0.05
yes 8 5 4.2 (1 – 17.5)
Log likelihood = -502.86642, p-value final model = 0.000, No. of observations in final model = 904
B. Predictors of TST ≥ 15 mm Univariate Multivariate
Variable Characteristic Total No. No. TST ≥15 mm OR (95%CI) p-value a OR (95%CI) p-value
BCG – scar no scar 246 39 1 0.85
scar 658 101 1.0 (0.6–1.4)
Sex male 685 85 1 < 0.001 1 < 0.001
female 227 56 2.3 (1.6–3.4) 1.9 (1.3–2.8)
Age group 18–29 years 471 63 1 0.31 1 < 0.002
30–39 years 291 44 1.2 (0.8–1.7) 1.5 (1–2.3)
40–49 years 115 23 1.6 (1–2.7) 1.9 (1.1–3.3)
50+ years 35 11 3.0 (1.4–6.4) 4.3 (1.9–9.5)
Origin Asia 418 32 1 < 0.001 1 < 0.001
Europe 115 21 2.7 (1.5–4.9) 2.4 (1.3–4.5)
Africa 371 88 3.8 (2.4–5.8) 3.8 (2.4–6)
Exposure no 898 136 1 0.05
yes 14 5 3.1 (1–9.4)
Previous diagnosis of tuberculosis no 904 138 1 0.10
yes 8 3 3.3 (0.8–14.1)
Log likelihood = -359.05381, p-value final model = 0.000. No. of observations in final model = 904
Results from uni- and multivariate regression analyses with positive QuantiFERON®TB Gold (table 3a) and tuberculin skin test reaction >15 mm 
(table 3b) as outcome variables among 912 newly arrived asylum seekers to Norway, Sept. 19. 2005 – June 12. 2006. Blanks in multivariate analyses 
means that the variable was not a significant predictor of a positive test. Participants with American or unknown origin were excluded from 
statistical analysis, due to low number of cases.Page 6 of 10
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tion, just like the expected proportion of tuberculin reac-
tions actually caused by M. tuberculosis would do [20]. A
TST reaction of ≥15 mm has been interpreted as high like-
lihood of true tuberculosis infection [21,22]. Discordant
results in our study were found in the range of 21 – 29%
depending on the TST cut-off value, but mainly as positive
TST and negative QFT in the range of 6–9 mm (72%) and
10–14 mm (49%). The poor specificity of TST in these
intervals is a major challenge as most positive TST results
(69%) occurred within this range as well as 48% of the
positive QFT-results. False positive TST indurations
caused by BCG or non-tuberculosis mycobacteria are
expected to be moderate and rarely exceeding 15 mm
[10,21-23]. Boosted TST reactions or differences in the
nature of the immune response measured by the two tests
might also explain discordant results [8,24]. In this study
the blood sample was drawn at the time when the TST was
read. A potential influence of PPD exposure on a QFT test
has been investigated, and having a QFT test after TST is
advised to be a reliable approach [25]. This is also in
agreement with the European Consensus Report, where it
is advised that IGRA should be implemented as a supple-
ment following a positive TST [26].
Possible explanations for discordant results
Previous BCG vaccination; a meta analysis reported
increased likelihood of a positive TST in BCG-vaccinated
persons within the first 15 years after vaccination [27]. We
found no significant effect of previous BCG-vaccination
on QFT nor on TST-results in multivariate regression anal-
yses, regardless of TST cut-off 15, 10 or 6 mm. The limited
effect of BCG observed in our study might be explained by
the fact that vaccination is most often offered to newborns
and all our participants were older than 18 years. In addi-
tion, scars might be underreported either by being missed
or being misinterpreted by the observer, or vaccinated per-
sons might not have developed a scar. Non-vaccinated
persons in this study were to a large extent from Somalia,
a population where the prevalence of latent infection is
high. This might explain the better agreement between the
tests for non-vaccinated compared to vaccinated partici-
pants. As revaccination policies have been common in
some European countries (including Russia) the stronger
effect of BCG vaccination might explain the lower agree-
ment found among European participants.
Difference in immunological responses measured by the
two tests; tuberculin induces a delayed-type hypersensitiv-
ity reaction reflecting a memory response, while the blood
tests detect cellular INF-γ release reflecting an effector
response to an ongoing infection. Due to these differences
in immunological responses it is suggested that IFN-γ
release assays detect more than TST those with recent and
persistent infection [8,18]. Differences in immunological
responses can partly explain discordance and might have
important clinical and programmatic implications, as
recent infection is more likely to progress to active disease
and preventive treatment therefore indicated. A recent
publication indicates at least equivalent sensitivity of QFT
compared to TST for predicting progression to tuberculo-
sis [28]. The lack of an age associated increase in discrep-
ant results between QFT and TST (cut-off 15 mm) in Table
3 could indicate that many of the participants have recent
infection. There is also some ongoing research to deter-
mine whether the level of IFN-γ response to the specific M.
tuberculosis antigens may be meaningful for predicting the
outcome of latent infection [29].
Table 4: Different approaches to routine screening with tuberculin skin test and QuantiFERON®TB Gold
Screening programme 
approach
Referral criteria Proportion (%) 
referred for treatment
Proportion (%) LTBI* cases 
detected (detection rate)
Proportion (%) non-infected 
referred for treatment 
(false positive rate)
Only TST TST ≥ 6 mm 50 89 42
TST ≥ 10 mm 34 75 27
TST ≥ 15 mm 15 47 0
Only QFT QFT positive 29 88 0
Two step (first TST, then 
QFT)
TST ≥ 6 mm and QFT 
positive, or TST ≥15 
mm
29 89 0
TST ≥ 10 mm and QFT 
positive or TST ≥ 15 
mm
25 75 0
TST ≥ 15 mm (with or 
without QFT positives 
afterwards)
15 47 0
*Latent infection is defined as either having a positive QuantiFERON(R)TB Gold test (264 participants) or a tuberculin skin test ≥15 mm and a 
negative QuantiFERON(R)TB Gold test (37 participants). Effect on screening based on identification of 301 cases of latent tuberculosis infection 
among 912 newly arrived asylum seekers in Norway Sept. 19. 2005 – June 12.2006Page 7 of 10
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strongly positive TST (≥ 15 mm) we found that 26% (37
out of 141) had a negative QFT test. High proportions of
discrepant results in this group has also been observed in
other studies [17,30,31]. Among immunocompetent per-
sons the sensitivity of tuberculin is regarded as very high,
while sensitivity of QFT for detection of latent infection
has been variable (75 – 97%) depending on the study
population and design [18,32,33]. Among patients with
tuberculous disease confirmed by culture, sensitivity
measurements for QFT varies (70–90%) [7,10,34,35]. A
recent study reported 13% indeterminate and 20% nega-
tive QFT results among patients with culture confirmed
tuberculosis [34]. The fact that we found one QFT nega-
tive individual among four participants with confirmed
active disease demonstrates the need for careful evalua-
tion of test results. The main purpose of TST and QFT used
in screening is to identify persons with latent infection eli-
gible for preventive treatment. Screening of symptoms
and chest x-ray would have identified all five asylum seek-
ers with active tuberculosis in our study. Among partici-
pants with negative TST, we found that 7% (32 out of
452) had a positive QFT. This might reflect false negative
TST results as the IFN-γ release assays have shown to have
higher sensitivity than TST among immunocompromised
individuals [34,36]. The risk of future progression to
active disease in TST negative and QFT positive adults
should be studied in large, prospective studies. Due to the
lack of a positive control for a functional immune
response (mitogen stimulation) in the QFT assay availa-
ble when the study was conducted, the general immune
status of the participants were not known. This is a limita-
tion of the study and may in cases of immuno-suppres-
sion have lead to false negative results with respect to both
QFT and TST. However, recent information on the per-
formance of the QFT test in immuno-compromised indi-
viduals demonstrates that only severe immune-
suppression with low CD4 counts may lead to indetermi-
nate results and potential false negative results in case of
no positive mitogen control [37-40]. Based on surveil-
lance of hiv-infection in Norway we have no reasons to
believe that severe immuno-suppression was affecting
more than very few cases, if any at all, among our partici-
pants. On this basis, we do not think that the lack of a pos-
itive mitogen control in this study represents any major
problem for interpretation of the results. Exposure to M.
bovis might result in a QFT test that is false positive with
respect to M. tuberculosis. As clinical management of cases
with tuberculous disease is the same for all species
included in the M. tuberculosis-complex, this does not
affect the screening approach.
Predictors of positive tests
The multivariate analysis showed similar significant risk
factors for positive QFT and TST >15 mm. Country of ori-
gin and increase in age were both significantly associated
with both positive QFT and TST ≥15 mm, reflecting accu-
mulated exposure time and background prevalence in
country of origin. Exposure to an infectious case of tuber-
culosis was significantly related to QFT, but not to TST, as
found in other studies [7-9,41-44]. Previous history of
tuberculosis was not a significant predictor for either test
as it correlated with exposure.
Implications for screening in Norway
There is no gold standard test for latent infection. Both
positive QFT results and TST>15 mm (independent of
each other) have been suggested to accurately identify
latent infection and also predict progression to active dis-
ease [21,23,28] We have, for the purpose of assessing the
use of QFT in screening, defined latent tuberculosis infec-
tion as having a positive QFT test regardless of TST indu-
ration or a TST ≥ 15 mm and a negative QFT. In this study
301 participants are defined as having latent tuberculosis
infection; the 264 QFT positive participants and the 37
with a TST ≥ 15 mm and a negative QFT. Based on this def-
inition, a more specific test than TST for diagnosis of
latent infection is clearly needed as TST with cut-off at 6
mm or 10 mm results in referral of 42% or 27% false pos-
itive cases, respectively, while a cut-off of 15 mm will
detect less than half of the actual cases. As it is neither fea-
sible nor cost effective to screen all asylum seekers with
both tests, the options are to replace TST with QFT (one
step approach) or to use QFT to confirm a positive TST
(two step approach). A one step approach with only QFT
has logistic advantages and referral based on a false posi-
tive TST is avoided. The strength of this approach would
be the inclusion of the TST negative among the QFT posi-
tive participants (7%), a presumable high-risk group for
active disease and cases lost in a two step approach. The
two step approach allows for referral procedures based on
both tests and it is recommended in a European consen-
sus report from 2006 [26]. This strategy follows normal
procedures for screening with a first test with high sensi-
tivity followed by a second test with high specificity. The
two-step approach identifies and refers all TST positive
cases with a positive QFT-result and also the 12% propor-
tion with TST ≥ 15 mm and a negative QFT, which would
be lost in a one step approach (Table 4). The approach of
using TST ≥ 6 mm as cut-off value, would identify a simi-
lar proportion (88–89%) of persons defined as having
latent infection even though it would not be the same per-
sons referred. By implementing QFT the number referred
for preventive treatment would be reduced by 43%, inde-
pendent of whether the one- or two step approach is cho-
sen. Adjusting TST cut-off value to 10 or 15 mm would
reduce the number referred to 25% and 15%, respectively,
but lost cases with latent infection would consequently
increase to 25% and 53%. Whether a one step approach
with only QFT is feasible depends also on laboratoryPage 8 of 10
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ing approaches need further study. Based on the present
study the Norwegian Institute of Public Health and its
Tuberculosis Advisory Committee have recommended to
the Ministry of Health the use of QFT in a two step
approach for screening of immigrants.
Conclusion
The prevalence of latent infection among asylum seekers
was high, both defined by TST (50%) and QFT (29%),
and with the expected discordance between the two test
methods. The increased specificity of QFT is a very impor-
tant improvement in a screening context as the number of
persons referred for preventive treatment would be
reduced by 43% independent of whether the one- or two-
step approach is implemented, compared to referral based
on TST (≥ 6 mm) alone. All three screening approaches
would identify a similar proportion (88 – 89%) of those
defined as having latent infection, even though it would
not be the same persons referred. As only 0.5% of the
study group had active tuberculosis disease on arrival,
identification of persons with latent infection for referral
and assessment for preventive treatment remains a key
objective of the screening on entry. Identification of active
disease also relies on screening of symptoms and chest x-
ray.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
BAW has been responsible for study design, planning,
data collection, data analysis and interpretation of data
and the writing process, FO has been responsible for the
laboratory components of the study and has made sub-
stantial contributions to the writing process, GEK carried
out laboratory work and contributed to interpretation of
data, TM contributed to planning of the study, interpreta-
tion of data and input in the writing process, ASJ has con-
tributed to study design, data collection and quality
assessment of data, IH participated in data collection and
analyses of results, BH contributed to statistical analyses
of data and EH contributed to planning of the study, data
interpretation and analyses of results as well as giving sub-
stantial input in the writing process. All authors read and
approved the final manuscript.
Acknowledgements
We gratefully thank Baerum Municipal Health authorities and all staff at 
Tanum reception centre for their expert assistance with tuberculin skin 
test administration and reading and staff at the Norwegian Institute of Pub-
lic Health for valuable contributions to the logistics of the study. Preben 
Aavitsland, Director of Department of Infectious Disease Epidemiology at 
the Norwegian Institute of Public Health contributed with valuable input in 
the writing process. Financial support: The Norwegian Health Association 
funded the study and the Norwegian Institute of Public Health contributed 
with human resources.
References
1. Winje BA, Mannsåker T, Heldal E, Dahle UR: Tuberkulose i Norge
2006 (Norwegian only).  MSIS-rapport 2007, 35: [http://
www.fhi.no/dav/95768e290c.pdf].
2. Dahle UR, Sandven P, Heldal E, Caugant DA: Continued low rates
of transmission of Mycobacterium tuberculosis in Norway.  J
Clin Microbiol 2003, 41:2968-2973.
3. Dahle UR, Eldholm V, Winje BA, Mannsaker T, Heldal E: Impact of
immigration on the molecular epidemiology of Mycobacte-
rium tuberculosis in a low-incidence country.  Am J Respir Crit
Care Med 2007, 176:930-935.
4. Dye C, Scheele S, Dolin P, Pathania V, Raviglione MC: Consensus
statement. Global burden of tuberculosis: estimated inci-
dence, prevalence, and mortality by country. WHO Global
Surveillance and Monitoring Project.  JAMA 1999, 282:677-686.
5. Folkehelseinstituttet: Forebygging og kontroll av tuberkulose: en veileder
(Guidelines for prevention and control of tuberculosis) 7th edition. Oslo,
Folkehelseinstituttet; 2002:122. 
6. Andersen P, Munk ME, Pollock JM, Doherty TM: Specific immune-
based diagnosis of tuberculosis.  Lancet 2000, 356:1099-1104.
7. Pai M, Riley LW, Colford JM Jr.: Interferon-gamma assays in the
immunodiagnosis of tuberculosis: a systematic review.  Lancet
Infect Dis 2004, 4:761-776.
8. Arend SM, Thijsen SF, Leyten EM, Bouwman JJ, Franken WP, Koster
BF, Cobelens FG, van Houte AJ, Bossink AW: Comparison of two
interferon-gamma assays and tuberculin skin test for tracing
tuberculosis contacts.  Am J Respir Crit Care Med 2007,
175:618-627.
9. Ewer K, Deeks J, Alvarez L, Bryant G, Waller S, Andersen P, Monk P,
Lalvani A: Comparison of T-cell-based assay with tuberculin
skin test for diagnosis of Mycobacterium tuberculosis infec-
tion in a school tuberculosis outbreak.  Lancet 2003,
361:1168-1173.
10. Kang YA, Lee HW, Yoon HI, Cho B, Han SK, Shim YS, Yim JJ: Dis-
crepancy between the tuberculin skin test and the whole-
blood interferon gamma assay for the diagnosis of latent
tuberculosis infection in an intermediate tuberculosis-bur-
den country.  JAMA 2005, 293:2756-2761.
11. Lalvani A, Pathan AA, Durkan H, Wilkinson KA, Whelan A, Deeks JJ,
Reece WH, Latif M, Pasvol G, Hill AV: Enhanced contact tracing
and spatial tracking of Mycobacterium tuberculosis infection
by enumeration of antigen-specific T cells.  Lancet 2001,
357:2017-2021.
12. Richeldi L, Ewer K, Losi M, Bergamini BM, Roversi P, Deeks J, Fabbri
LM, Lalvani A: T cell-based tracking of multidrug resistant
tuberculosis infection after brief exposure.  Am J Respir Crit Care
Med 2004, 170:288-295.
13. Carvalho AC, Pezzoli MC, El Hamad I, Arce P, Bigoni S, Scarcella C,
Indelicato AM, Scolari C, Carosi G, Matteelli A: QuantiF-
ERON((R))-TB Gold test in the identification of latent tuber-
culosis infection in immigrants.  J Infect 2007, 55:164-168.
14. Health RM: Regulations on the Control of Tuberculosis. Issued by the Royal
Ministry of Health on 21st June 2002 I-1095E edition. Royal Ministry of
Health; 2002. 
15. Altman DG: Statistics with confidence. Confidence intervals and statistical
guidelines 2nd edition. Edited by: Altman DG, D M, N BT and J GM.
BMJ Books; 2000:240. 
16. Lalvani A, Nagvenkar P, Udwadia Z, Pathan AA, Wilkinson KA, Shastri
JS, Ewer K, Hill AV, Mehta A, Rodrigues C: Enumeration of T cells
specific for RD1-encoded antigens suggests a high preva-
lence of latent Mycobacterium tuberculosis infection in
healthy urban Indians.  J Infect Dis 2001, 183:469-477.
17. Mahomed H, Hughes EJ, Hawkridge T, Minnies D, Simon E, Little F,
Hanekom WA, Geiter L, Hussey GD: Comparison of mantoux
skin test with three generations of a whole blood IFN-
gamma assay for tuberculosis infection.  Int J Tuberc Lung Dis
2006, 10:310-316.
18. Pai M, Kalantri S, Dheda K: New tools and emerging technolo-
gies for the diagnosis of tuberculosis: part I. Latent tubercu-
losis.  Expert Rev Mol Diagn 2006, 6:413-422.
19. Shams H, Weis SE, Klucar P, Lalvani A, Moonan PK, Pogoda JM, Ewer
K, Barnes PF: Enzyme-linked immunospot and tuberculin skinPage 9 of 10
(page number not for citation purposes)
BMC Infectious Diseases 2008, 8:65 http://www.biomedcentral.com/1471-2334/8/65Publish with BioMed Central   and  every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
testing to detect latent tuberculosis infection.  Am J Respir Crit
Care Med 2005, 172:1161-1168.
20. Comstock GW, Livesay VT, Woolpert SF: The prognosis of a pos-
itive tuberculin reaction in childhood and adolescence.  Am J
Epidemiol 1974, 99:131-138.
21. Bahrmand AR, Madani H, Samar G, Khalilzadeh L, Bakayev VV, Yaghli
M, Babaei MH: Detection and identification of non-tuberculous
mycobacterial infections in 6,472 tuberculosis suspected
patients.  Scand J Infect Dis 1996, 28:275-278.
22. von Reyn CF, Horsburgh CR, Olivier KN, Barnes PF, Waddell R,
Warren C, Tvaroha S, Jaeger AS, Lein AD, Alexander LN, Weber DJ,
Tosteson AN: Skin test reactions to Mycobacterium tubercu-
losis purified protein derivative and Mycobacterium avium
sensitin among health care workers and medical students in
the United States.  Int J Tuberc Lung Dis 2001, 5:1122-1128.
23. Berkel GM, Cobelens FG, de Vries G, Draayer-Jansen IW, Borgdorff
MW: Tuberculin skin test: estimation of positive and negative
predictive values from routine data.  Int J Tuberc Lung Dis 2005,
9:310-316.
24. Nguyen M, Perry S, Parsonnet J: QuantiFERON-TB predicts
tuberculin skin test boosting in U.S. foreign-born.  Int J Tuberc
Lung Dis 2005, 9:985-991.
25. Leyten EM, Prins C, Bossink AW, Thijsen S, Ottenhoff TH, van Dissel
JT, Arend SM: Effect of tuberculin skin testing on a Mycobacte-
rium tuberculosis-specific IFN-{gamma} assay.  Eur Respir J
2007, 29:1212-1216.
26. Drobniewski F, Cobelens F, J-P Z: Use of Gamma-interferon
assays in low- and medium-prevalence countries in Europe:
a consensus statement of a Wolfheze Workshop organised
by KNCV/EuroTB, Vilnius Sept 2006.  Eurosurveillance weekly
2007, 12: [http://www.eurosurveillance.org/ew/2007/070726.asp#2 ].
27. Wang L, Turner MO, Elwood RK, Schulzer M, FitzGerald JM: A
meta-analysis of the effect of Bacille Calmette Guerin vacci-
nation on tuberculin skin test measurements.  Thorax 2002,
57:804-809.
28. Diel R, Loddenkemper R, Meywald-Walter K, Niemann S, Nienhaus
A: Predictive Value of a Whole-blood IFN-{gamma} Assay
for the Development of Active TB Disease.  Am J Respir Crit Care
Med 2008 in press.
29. Leyten EM, Arend SM, Prins C, Cobelens FG, Ottenhoff TH, van Dis-
sel JT: Discrepancy between Mycobacterium tuberculosis-
specific gamma interferon release assays using short and
prolonged in vitro incubation.  Clin Vaccine Immunol 2007,
14:880-885.
30. Hill PC, Brookes RH, Fox A, Fielding K, Jeffries DJ, Jackson-Sillah D,
Lugos MD, Owiafe PK, Donkor SA, Hammond AS, Otu JK, Corrah T,
Adegbola RA, McAdam KP: Large-scale evaluation of enzyme-
linked immunospot assay and skin test for diagnosis of Myco-
bacterium tuberculosis infection against a gradient of expo-
sure in The Gambia.  Clin Infect Dis 2004, 38:966-973.
31. Pai M, Gokhale K, Joshi R, Dogra S, Kalantri S, Mendiratta DK, Narang
P, Daley CL, Granich RM, Mazurek GH, Reingold AL, Riley LW, Col-
ford JM Jr.: Mycobacterium tuberculosis infection in health
care workers in rural India: comparison of a whole-blood
interferon gamma assay with tuberculin skin testing.  JAMA
2005, 293:2746-2755.
32. Lalvani A, Richeldi L, Kunst H: Interferon gamma assays for
tuberculosis.  Lancet Infect Dis 2005, 5:322-324.
33. Mazurek GH, Jereb J, Lobue P, Iademarco MF, Metchock B, Vernon
A: Guidelines for using the QuantiFERON-TB Gold test for
detecting Mycobacterium tuberculosis infection, United
States.  MMWR Recomm Rep 2005, 54:49-55.
34. Mazurek GH, Weis SE, Moonan PK, Daley CL, Bernardo J, Lardizabal
AA, Reves RR, Toney SR, Daniels LJ, LoBue PA: Prospective com-
parison of the tuberculin skin test and 2 whole-blood inter-
feron-gamma release assays in persons with suspected
tuberculosis.  Clin Infect Dis 2007, 45:837-845.
35. Mori T, Sakatani M, Yamagishi F, Takashima T, Kawabe Y, Nagao K,
Shigeto E, Harada N, Mitarai S, Okada M, Suzuki K, Inoue Y, Tsuyu-
guchi K, Sasaki Y, Mazurek GH, Tsuyuguchi I: Specific detection of
tuberculosis infection: an interferon-gamma-based assay
using new antigens.  Am J Respir Crit Care Med 2004, 170:59-64.
36. Chapman AL, Munkanta M, Wilkinson KA, Pathan AA, Ewer K, Ayles
H, Reece WH, Mwinga A, Godfrey-Faussett P, Lalvani A: Rapid
detection of active and latent tuberculosis infection in HIV-
positive individuals by enumeration of Mycobacterium
tuberculosis-specific T cells.  AIDS 2002, 16:2285-2293.
37. Brock I, Ruhwald M, Lundgren B, Westh H, Mathiesen LR, Ravn P:
Latent tuberculosis in HIV positive, diagnosed by the M.
tuberculosis specific interferon-gamma test.  Respir Res 2006,
7:56.
38. Jones S, de Gijsel D, Wallach FR, Gurtman AC, Shi Q, Sacks H: Util-
ity of QuantiFERON-TB Gold in-tube testing for latent TB
infection in HIV-infected individuals.  Int J Tuberc Lung Dis 2007,
11:1190-1195.
39. Kobashi Y, Mouri K, Obase Y, Fukuda M, Miyashita N, Oka M: Clini-
cal evaluation of QuantiFERON TB-2G test for immuno-
compromised patients.  Eur Respir J 2007, 30:945-950.
40. Luetkemeyer AF, Charlebois ED, Flores LL, Bangsberg DR, Deeks SG,
Martin JN, Havlir DV: Comparison of an interferon-gamma
release assay with tuberculin skin testing in HIV-infected
individuals.  Am J Respir Crit Care Med 2007, 175:737-742.
41. Brock I, Weldingh K, Lillebaek T, Follmann F, Andersen P: Compar-
ison of tuberculin skin test and new specific blood test in
tuberculosis contacts.  Am J Respir Crit Care Med 2004, 170:65-69.
42. Codecasa L, Mantegani P, Galli L, Lazzarin A, Scarpellini P, Fortis C:
An in-house RD1-based enzyme-linked immunospot-gamma
interferon assay instead of the tuberculin skin test for diag-
nosis of latent Mycobacterium tuberculosis infection.  J Clin
Microbiol 2006, 44:1944-1950.
43. Diel R, Nienhaus A, Lange C, Meywald-Walter K, Forssbohm M,
Schaberg T: Tuberculosis contact investigation with a new,
specific blood test in a low-incidence population containing a
high proportion of BCG-vaccinated persons.  Respir Res 2006,
7:77.
44. Zellweger JP, Zellweger A, Ansermet S, de Senarclens B, Wrighton-
Smith P: Contact tracing using a new T-cell-based test: better
correlation with tuberculosis exposure than the tuberculin
skin test.  Int J Tuberc Lung Dis 2005, 9:1242-1247.
Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2334/8/65/prepubPage 10 of 10
(page number not for citation purposes)
